The focus of this study was student teachers at a South African university enrolled in a Bachelor of Education (B.Ed.) programme and a Postgraduate Certificate in Education (PGCE), respectively. The purpose of this study was to explore students' understanding and acceptance of evolution and beliefs about the nature of science (NOS), and to discover if these understandings and acceptances changed with the level of their studies. In so doing, we wished to determine if there is a relationship between their understanding of evolution and the NOS, and their level of acceptance of evolution. The study is located within a quantitative framework. Questionnaires were administered to pre-service teachers, who were enrolled in the School of Education. All participants had chosen Biology as their teaching specialisation. Three instruments were included in the questionnaires. The findings revealed that students in the B.Ed. programme have a poorer understanding of evolution and NOS than the graduate group (PGCE), and that there is no significant difference in understanding between different levels within the B.Ed. group. A further significant finding was that acceptance of evolution is independent of changes in conceptual understanding of evolution and independent of changes in beliefs about the NOS.
Introduction and Background
believed that the process of evolution is fundamental to an understanding of Biology, as it allows scientists to understand both past and present observations within an explanatory framework. Evolution has acquired the status of a scientific theory due to the fact that a convincing body of evidence has accumulated to support it. However, it is important to understand that all scientific knowledge is tentative, and theories may be modified as new evidence emerges. Hence there is the need to understand the principles underpinning the NOS as well.
Prior to the implementation of the National Curriculum Statement i in 2006, evolution was not included in the South African school curriculum. With the introduction of this curriculum, evolution, as well as the NOS, were subsequently included. However, many teachers in other African and Asian countries as well as the United States of America (USA), (Clément, 2013; Lovely & Kondrick, 2008; Mpeta, De Villiers & Fraser, 2014; Trani, 2004 ) have experienced problems teaching evolution. These problems include: a lack of understanding of the concept, and consequently the ability to teach the topic competently and problems with regard to the acceptance of evolution as the main organising principle in Biology, due to the fact that many people believe it contradicts their religious beliefs. This study is concerned with the former problem, as South African learners did not have the opportunity prior to 2006 to learn about evolution. Consequently, students entering teacher education programmes have been educated by teachers who themselves often did not have an adequate understanding of evolution or the NOS. The onus is therefore on higher education institutions to provide the necessary foundation for students to become competent teachers of Biology.
As a developing country, South Africa strives to compete globally in many areas, including teacher education, and competent biology teachers should demonstrate an understanding of fundamental concepts and processes, such as evolution, and the NOS. Currently, South Africa spends in excess of five percent of its gross domestic product (GDP) on education, which is a severe drain on resources. Teacher education programmes should therefore ensure that student teachers are adequately educated, and in the case of biology teachers, this would entail knowledge and understanding of evolution and the NOS. Such education is important for South African teachers to be able to compete with teachers in both the developing and developed world, with regard to their knowledge and skills pertaining to their disciplines.
The focus of this study was student teachers at a South African university enrolled in a B.Ed. programme and a PGCE, respectively. The purpose of this study was to explore students' understanding of evolution and acceptance of evolutionary theory, as well as their beliefs about the NOS, and; to discover if these understandings and acceptances changed with the level of their studies, specifically the second and fourth years of study towards a B.Ed. degree, and graduate students in the PGCE. In so doing, we wished to determine if there was a relationship between the students' understanding of evolution and their beliefs about the NOS and the level of acceptance of evolution. From an international perspective, it is important to understand how South African students, as future teachers, compare to pre-service teachers in both developing and developed countries. The critical questions that the research attempts to answer are:
• What is the difference in the level of understanding of evolution and the nature of science in students at different levels of study?
• What is the difference in the level of acceptance of evolution in students at different levels of study?
• What is the relationship between students' understanding of evolution and NOS and their acceptance of evolution?
Literature Review Rutledge and Mitchell (2002) correctly state that evolution is the central and unifying theme of the discipline of Biology and should provide the framework for all biology courses. While this view is supported in the scientific community, the general public does not hold this view, and often rejects the teaching of evolution at secondary level (Scott, 2007) . This situation has led to a proliferation of research on the teaching of evolution in schools (Aguillard, 1998; Anderson, 2007; Banet & Ayuso, 2003; Bryner, 2005; Clough, 1994; Farber, 2003; Lawson, 1999; Rutledge & Mitchell, 2002; Rutledge & Warden, 2000) .
Research has found that many South African teachers have reservations about teaching evolution, due to the negative views they hold. These views may be due to the fact that they do not accept the theory of evolution (Coleman, 2006) , or due to their fear of teaching a topic for which they feel under-prepared (Ngxola & Sanders, 2008) . Studies have shown that for evolution to be taught effectively, teachers require a deep understanding of both the NOS and evolutionary theory (Lederman, 1992) . Teachers who lack understanding of the NOS have difficulty teaching evolution for scientific understanding (Eick, 2000; Rutledge & Warden, 2000) . In addition, a biology teacher's acceptance or rejection of evolutionary theory is important in terms of the central role that it plays in the biology curriculum (Rutledge & Warden, 1999) . Teachers who lack understanding of the theory of evolution and the basic NOS may present the topic to learners in an isolated manner, leaving room for misinterpretations and misconceptions.
With regard to attitudes towards evolution, a number of researchers (Clough, 1994; Lawson, 1999; Sinclair & Pendarvis, 1998) are of the view that the differences between evolutionists and antievolutionists should be addressed in such a way that these differences are diminished. This may be achieved by adopting a constructivist approach to teaching, which requires teachers to discover what their learners know and believe (Alters & Nelson, 2002) . Most South African learners are generally religious, and as a consequence, feel that they cannot accept the theory of evolution (Coleman, 2006) . One way of addressing this is the adoption of sound pedagogical strategies, where evolution is presented in a scholarly manner, without attacking religion (Woods & Scharmann, 2001) .
The level of understanding of the NOS and evolutionary theory and the relationship between these two aspects as well as the acceptance of evolution, have been the focus of a number of studies. Rutledge and Mitchell (2002) are of the view that specific courses in evolution and NOS should be a requirement of the subject matter preparations of biology teachers. In the South African context, it is also important that teacher education programmes include both evolution and the NOS, so as to prepare student teachers to teach biology effectively.
While addressing the needs of learners is of paramount importance, it is essential to address the factors that impact the teaching of evolution, which relate to teachers as well (Rutledge & Mitchell, 2002) . While a considerable body of knowledge exists with regard to teacher opinions and attitudes concerning the evolution-creation controversy (Banet & Ayuso, 2003; Bryner, 2005; Van Koevering & Stiehl, 1989) , very little research has been conducted on teachers' understanding of evolutionary theory (Rutledge & Warden, 2000) . Many high school biology teachers in the South African context have no formal training in the principles and mechanism of evolution as a biological process. Keke (2014) , in a study of 147 secondary biology teachers, found that teachers expressed the greatest need for professional development in topics relating to evolution from all the topics in the Grade 10-12 life sciences curriculum.
Research suggests that conceptual understanding in Science is facilitated when the Science learnt is deemed interesting to the learner as well as relevant to his or her everyday life (Taylor, 2001) . Earlier work by Hewson (1981) , Posner, Strike, Hewson and Gertzog (1982) has attempted to explain how conceptual change occurs by defining a theory of conceptual exchange (or accommodation). This theory foregrounds a notion of 'competition' between the conceptions that students hold and any new concepts with which they are confronted. For students to change their existing conceptions, these researchers believe accommodation needs to occur. For accommodation to occur, Posner et al. (1982) are of the view that four conditions need to be met. The first step is that a student develops dissatisfaction with the existing conceptions he/she may hold. Once this occurs, the student may exchange this conception with a new conception on condition that the competing conception is intelligible, plausible and fruitful. More recent work on the nature of conceptual understanding has been reported by Clark (2006) , DiSessa, Gillespie and Esterly (2004) and others, who propose different models of how conceptual change occurs. One such model views understanding in terms of collections of multiple quasi-independent elements (Özdemir & Clark, 2007) .
The question arises as to whether these existing models of conceptual change apply in situations where the topic being studied presents concepts that are counter-intuitive. Evolution is such a topic. Students find it very difficult to align their existing views with the new views presented to them when engaging with evolutionary biology. This creates a resistance to the new concepts, and understandably hampers understanding. Under these circumstances it may be more helpful to examine student conceptual understanding within a framework of resistance. An example of such a framework is a model proposed by Jegede (1995) , known as collateral learning. This model defines collateral learning as an accommodative mechanism for the conceptual resolution of potentially conflicting tenets within a person's cognitive structures. Collateral learning was proposed as an explanatory model to understand the conflict arising when learners from non-western cultures are faced with a western world-view. It represents the process whereby a learner in a non-western classroom simultaneously constructs, with minimal interference and interaction, western meanings of a simple concept (Jegede, 1995) . This model facilitates the holding of a scientific as well as a traditional view of the world. This is in contrast with the conceptual change framework, where learners would have to replace their prior concepts with currently accepted western science concepts. Students often see very little relevance in learning about evolution (Coleman, 2006) as they are not able to relate it to their everyday lives. Jegede's (1995) model of collateral learning may therefore apply to the learning of evolution, as many evolutionary concepts are counter-intuitive. Previous research has found that even teachers often find it difficult to understand concepts pertaining to evolution (Kirsten, 2014) .
The difficulty teachers face with regard to the teaching of evolution appears to be compounded by their poor understanding of the NOS. Abd-ElKhalick and Lederman (2000) have demonstrated that both teacher and learner beliefs about the NOS are inconsistent. The way a teacher understands the NOS may influence the way he/she teaches science, and in particular, evolution. This in turn, has an influence on the way learners understand Science, and this may be particularly problematic with a topic such as evolution, where so many misconceptions abound. Similar findings have been obtained by Brickhouse (1990) , Shulman (1986) and Singh (1998) . Hammrich (1997) is also of the view that the conceptions teachers hold of the NOS shape their understanding of science, as well as of how science should be taught. These conceptions are firmly entrenched as their epistemologies with regard to science were influenced by their socialisation as teachers, as well as the way they were taught as learners.
Lederman is of the view that the NOS may be regarded as the cornerstone in the teaching of Science as a subject. It is for this reason that science curricula in many countries agree on the "development of an adequate understanding of the NOS" (Lederman, 1992:331 ). An important observation made by Lederman (1992) , was that teaching experience does not contribute to a teacher's understandings of the NOS. A teacher's view of the NOS does, therefore, not change through experience, but because of a change in his/her view of what constitutes science. It is therefore important that education courses address the issue of the NOS, as research shows the knowledge that pre-service teachers have of the NOS to be inadequate (Irez, 2006) . Research by Abd-El-Khalick (2001) and Abd-El- Khalick and Akerson (2004) has further shown that implicit teaching of NOS through enquiry-based courses is less successful than explicit teaching of how to teach the NOS as covered in methods courses in science education programmes. It is thus incumbent on the developers of science education courses to include the teaching of the NOS in their curricula. This study will contribute to the understanding of teachers' views of the NOS, obtained from the courses they attended at university.
While a lack of understanding may influence students' acceptance of evolution, religious views or the views of the community from where the students come may have a similar impact (Evans, 2001) . On the other hand, a better understanding of evolutionary biology has not/does not necessarily lead to a general social acceptance of evolution as a scientific fact (Bishop & Anderson, 1990) .
Methods
This study replicates a study conducted by Cavallo and McCall (2008) , who reported that ninth-grade biology students improved their knowledge of evolution after a unit of instruction on evolution, but did not change their beliefs about the NOS or acceptance of evolution. The research is located within a quantitative framework. Questionnaires were administered to 200 pre-service teachers (hereafter referred to as students), who were enrolled in the School of Education at a tertiary institution in South Africa in 2012. Incomplete questionnaires were discarded. As a result, the responses of 164 students were analysed.
Sample
Participants were either enrolled in a B.Ed. degree (n = 128), or in a PGCE programme (n = 36). Both groups were Biology/Life Sciences majors. The B.Ed. degree is a professionally focused degree, in which students construct their subject matter knowledge as appropriate for teachers. They do not attend mainstream science courses, which are intended for students studying towards a Bachelor of Sciences degree. Their biology programme includes a substantial theme on evolution and all modules are approached from the premise that evolution is the underlying principle that informs all biology teaching. Postgraduate Certificate in Education (PGCE) students have Bachelor of Science (B.Sc.) degrees, and only focus on education in the PGCE programme. The minimum requirements for registration as a biology teacher are at least two years of study in disciplines related to Biology. The extent to which students are exposed to the NOS and evolution depends on the structure of the degree, which may differ between various institutions. The students who constituted the sample of the study, were representative of the student population of the university at which the research was conducted, that is, approximately 75% of the students do not have English as their home language. Data concerning gender and year of matriculation was collected. Year of matriculation proved particularly important, since 2008 marked the first cohort of school-leavers who had studied evolution during their schooling.
The codes for the modules students participating in the study were registered for, were Biological Sciences for Educators BIO210, BIO 410 and BIO610. The BIO210 group of students were in their second year of study towards a B.Ed., but were in the first year of study for the course BIO210. Females constituted 56% of the class, and males 44% of the class. The majority of students (93%) had matriculated between 2008 and 2010, with only 7% having matriculated in 2007 or earlier.
The BIO410 group of students were in their fourth year of study towards a B.Ed. degree, and the third year of studying BIO410. Females constituted 59% of the class, and males 41% of the class. A minority of students (39%) had matriculated in 2008, with the majority (61%) having matriculated in 2007, or earlier.
The BIO610 group were studying towards a PGCE, and all were registered for the Biology Teaching Specialisation module. Females constituted 58%, and males 42% of the group. All students had matriculated in 2007 or earlier.
The three groups were therefore similar in gender representation, but differed in exposure to evolution in their schooling. Most of the BIO210 group had been taught evolution during schooling, while only 39% of the BIO410 group and none of the BIO610 group had experience studying evolution as part of their schooling. All three groups had a similar proportion of English home-language speakers. Statistical comparisons among the three groups were therefore valid.
Data Collection and Procedure
The questionnaire consisted of five sections: Section A of the questionnaire collected basic demographic data. In addition, students were asked whether evolutionary ideas were in conflict with their religious beliefs. Section B, which covered students' worldviews, was not utilised for the present study. We administered three instruments as follows.
Section C
To assess students' acceptance of evolutionary theory, the Measure of the Acceptance of the Theory of Evolution (MATE) (Rutledge & Warden, 1999) was administered. This section of the questionnaire consisted of 20 statements and was scored using a Likert scale. The response indicating strongest degree of acceptance of the theory of evolution received a score of 5, and the response indicating least degree of acceptance of the theory of evolution received a score of 1. Thus, the possible range of total scores was 20-100.
Section D
To assess students' beliefs about the NOS, a questionnaire consisting of 17 items was used (Rutledge & Warden, 2000) . The items were scored using a Likert scale. The response most congruent with science received a score of 5, and the response least congruent with science received a score of 1. Thus, the possible range of total scores was 17-85.
Section E
To assess students' understanding of evolutionary theory, 21 multiple choice items were administered to students (Rutledge & Warden, 2000) . These items addressed various aspects of evolutionary theory. For each item, a choice of five possible answers was presented. The number of correct responses was tallied, and a cumulative score obtained. The possible range of scores was 0-21. This variable will hereafter be referred to as 'MCQ' (multiple choice questions).
Data Analysis
Data was scanned, and cleaned, before statistical analysis was conducted. Candidates' responses were deleted if they did not comply with the following criteria:
1. Completed all three surveys; 2. Omitted less than five questions in the Evolution Understanding test. This criterion was introduced after it became apparent that a number of students failed to answer questions after they reached a certain point. It was not clear whether this was due to test fatigue, lack of knowledge or refusal to answer the questions. The number of students eliminated by each criterion is shown in Table 1 . The excluded students are important, in that they indicate that answering the NOS survey was more acceptable to all three groups than answering the MATE or the Understanding Evolution questions for the 210 group. It is also significant that 45.7% of the 610 group omitted more than four questions on the multiple-choice test, and were therefore excluded from the final sample. Some students satisfied two or more criteria for exclusion. This process eliminated 22 students from the 210 group, two from the 410 group, and 16 from the 610 group. The percentage of participants who therefore completed the questionnaire was 75.6 percent.
The instruments used had been developed and validated by previous researchers (Cavallo & McCall, 2008; Rutledge & Warden, 2000) . Minor adaptations related to simplifying the language in the questionnaire were made to suit the South African context. However, the reading level required to answer many of the questions may have resulted in many incomplete questionnaires, since the majority of students participating in the study were not English first-language speakers. There was evidence of resistance to participation in the collection of data, and one group of students (the 310 class) was abandoned entirely, due to the sheer number of incomplete questionnaires.
Although the respondents were mostly students of one of the researchers, questionnaires were completed voluntarily. Furthermore, respondents were assured of their anonymity. The ethics committee of the university where the research was conducted gave permission for the research to be conducted. Table 2 provides the results, which enabled us to answer the first two research questions. The mean scores obtained on each questionnaire were compared among the three groups of students, 210, 410 and 610. Summary statistics are shown in Table 2 . A one-way analysis of variance was conducted to compare the mean scores across student groups in each part of the survey. The mean scores for the understanding of evolution were low across the three groups, given that the maximum possible score is 21. However, the graduate group (610) obtained significantly higher scores than did the two B.Ed. groups (210 and 410). The mean score obtained by fourth-year students (410) was non-significantly higher than the mean score obtained by second year students (210). Students in the B.Ed. programme therefore have a poorer understanding of evolution than the graduate group (it ought to be mentioned that this research was conducted before the section on evolution was covered in the 410 module; however at this stage, students had studied four biology modules).
Results
Beliefs about the NOS revealed that the graduate group (610) also obtained significantly higher mean scores than did the two B.Ed. groups (210 and 410). The mean score obtained by fourth year students (410) was non-significantly higher than that obtained by second year students (210).
Mean scores for the Acceptance of Evolution were high in all three groups (over 70% in all groups), and did not differ significantly among the three groups. This suggests that factors other than level of knowledge about evolution and the NOS are implicated in students' acceptance of evolution. A more nuanced analysis is possible if the proportion of students choosing each option (1-5) is analysed. This is shown in Figure 1 for acceptance of evolution.
The frequency of selection of each level from 1 (Strongly Disagree) to 5 (Strongly Agree) was plotted as percentages of the total number of selections made by students in each module ( Figure  1 ). Over 60% of answers given in all three classes accepted the theory of evolution (scored as 4 or 5), while less than 20% of the answers indicated rejection of the theory of evolution (scored as 1 or 2). All three groups had similar profiles, shown in Figure 1 . The chi-squared statistic comparing the proportion of choices for levels 1 to 5 in the three groups was significant (chi-squared = 16.72, p < 0.05). The z-scores indicated that there was no difference among the three groups in the selection for levels 1, 2 and 3. Level 4 (Agree) was significantly more frequently selected by the 410 group than the 610 group, with the 210 group straddling both groups. However, the reverse was found for level 5 (Strongly Agree), with the 610 group being significantly more likely to choose this option than the 210 group, and the 410 group straddling the 210 and 610 groups. Figure 1 and the chi-squared analysis reveal an increase in the acceptance of evolution between the 210 and 410 modules, as indicated by fewer 410 students refusing to answer this questionnaire, and more 410 students agreeing or strongly agreeing with statements about evolution. The 610 students were more certain about their acceptance of evolution than any other group, but they were equally as likely to disagree as B.Ed. students.
Figure 1 Frequency of selection of each level from 1 (Strongly Disagree) to 5 (Strongly Agree) with statements about acceptance of evolution Figure 2 shows the results of the NOS survey, which indicates a greater difference between the PGCE and B.Ed. students than was seen in the results of the MATE survey. This observation is supported by the results of a chi-squared test comparing the proportion of choices for levels 1 to 5 (1 = non-scientific, 5 = scientific) in the three student groups being highly significant (chisquared = 33.81, p < 0.001). The 210 group was significantly more likely to have strongly nonscientific beliefs than either the 410 or 610 groups, but groups did not differ significantly on moderately non-scientific beliefs or indecision. The 610 group was significantly more likely to hold scientific beliefs than the 210 group, with the 410 group straddling both groups. The 610 group was significantly more likely to hold strongly scientific beliefs (level 5) than either of the other two groups. The marked difference between the B.Ed. and the PGCE groups is made apparent when the total "agreement" is calculated: 54% of the responses for the 610 group indicated acceptable beliefs with regard to the NOS, while 44% of 410 students and 42% of 210 students had the same responses. The results shown here support the findings of the ANOVA that the 610 group displayed better understanding of the NOS than either the 210 or 410 group. The results of the chi-squared test show that the 410 group had a somewhat better understanding of the NOS than the 210 group, but it is not a convincing improvement. The 210 group were equally split between scientific and nonscientific beliefs about the nature of science.
A linear regression analysis was performed to investigate the relationship among the three variables for all three groups combined. These results enabled us to answer our third critical question. Predictions are that knowledge of evolution would correlate positively with acceptance of evolution and understanding of the NOS. Pearson Correlation coefficients are shown in Table 3 .
All variables are positively correlated with one another, but only one correlation is highly significant, namely that between understanding of evolution and beliefs about the NOS (p < 0.001). Acceptance of evolution is not significantly positively correlated with either evolution understanding or acceptable beliefs about the NOS. Table 3 shows that both evolution understanding and acceptable beliefs about the NOS were significantly higher in the graduate group than in the undergraduate groups, but that acceptance of evolution did not differ by group of students. The linear regression reinforces that acceptance of evolution is independent of evolution understanding and independent of beliefs about the NOS. 
Discussion and Conclusion
Compared with the data collected by Cavallo and McCall (2008) using the same three instruments used here, South African pre-service teachers have more acceptable beliefs about the NOS, as well as a higher level of acceptance of evolution. This is in accordance with the research conducted by Mpeta et al. (2014) , who found that there was a moderate acceptance of evolution by learners in the Limpopo province of South Africa; but contrary to the findings of Peker, Comert and Kence (2010) , who report low levels of acceptance of students in Turkey. Schröder (2013) is of the view that low levels of acceptance of evolution may be interpreted as resistance to change, regardless of increase in knowledge. This study supports this view, as high levels of acceptance of evolution were evident, irrespective of the level of students' understanding. Sinatra, Southerland, McConaughy and Demastes (2003) report similar findings. In the South African context, the reason for this may be that, in spite of low levels of understanding, attitudes to evolution may be changing. While evolution was formerly treated as a controversial issue, and met with resistance when introduced into the South African school curriculum (Sanders, 2008) , it would appear that it is no longer as controversial. Students enter university courses having been exposed to evolution concepts and are taught courses in Biology by staff who accept evolution as a scientific fact. Students' acceptance of evolution is therefore possibly strengthened by the measure of exposure they have had to teachers and lecturers who teach evolution as an integral part of the discipline, irrespective of the level of knowledge of evolution concepts. This is a positive development, as acceptance of such a fundamental aspect of the discipline is very important for student teachers who wish to become competent teachers of Biology. With regard to the understanding of evolution only the graduate students in our study match the level of understanding of evolution achieved in the post-test by the ninth-grade students sampled by Cavallo and McCall (2008) . This lack of knowledge of concepts relevant to evolution is clearly a cause for concern, as all teachers of Biology/Life Science should demonstrate adequate knowledge of evolution and the NOS. Many students were eliminated from the data analysis because they were unable or unwilling to answer many of the questions in the questionnaire. It is also a concern that the B.Ed. students had a relatively poor understanding of the NOS, which was considerably stronger in the PGCE students. The reason for students' poor understanding of evolution may be twofold. Firstly, students' lack of understanding of NOS may contribute to their lack of understanding of evolution. This was confirmed by the research conducted by Eick (2000) , and Rutledge and Warden (2000) , who respectively found that those teachers who lack understanding of the NOS, have difficulty teaching evolution for scientific understanding. However, the students in this study have acceptable beliefs of NOS, although their knowledge of concepts related to NOS may be lacking. Secondly, students may resist conceptual change, because the concepts related to evolution are counter-intuitive. Deeper engagement with concepts related to evolution and NOS are required in order to facilitate conceptual change. This explains why the PGCE students have a better understanding of evolution and NOS than the B.Ed. students, as they probably engaged more deeply with these concepts in a pure science degree. This research points to a possible lack of emphasis on evolution and NOS in biology courses. More time should be spent on these concepts, not only as important concepts, but also as guiding principles in the design of these courses. If evolution and the NOS are taught as an integral part of Biology in all modules, including method modules, students may be able to engage at a deeper level, and develop a better understanding of these important concepts. This is especially applicable to students in B.Ed. programmes. While the focus may be education, it is important that students gain indepth knowledge and understanding of the concepts pertaining to their specialisations. As a developing country, South Africa cannot afford to produce teachers who lack fundamental knowledge of the disciplines they will be teaching.
This study provides base-line data on the level of understanding of the NOS and the level of understanding and acceptance of evolution in life sciences student teachers at a single higher education institution in South Africa. The findings of this study may provide valuable information for tertiary institutions more generally, in terms of the design of their biology programmes for student teachers; and in addition allow comparisons to be made between South African pre-service teachers, with those in other countries. Furthermore, a country such as South Africa, which experiences a number of extreme economic constraints, ought to consider the allocation of funding for professional development courses for teachers very carefully. The findings of this study may therefore contribute to the process of identifying where in the country the need for professional development of life sciences teachers is greatest.
Notes
i.
The first post-apartheid curriculum implemented in South Africa.
